Dissolved air flotation (DAF) systems are designed to remove suspended solids from water slurries. Clarification is achieved by the addition of pressurized air as fine bubbles. The microscopic bubbles attach to the solids reducing its specific gravity, allowing the material to float. SMBSC has tested several DAF units to clarify high strength water flows. The test results showed good removal of fine soil particles producing an effluent suitable for the wastewater treatment plant.
approximately 500 gpm at 2,500 to 3,000 mg/l TSS. Several chemistries were explored to aid in the estimation of the effluent quality attainable with the DAF unit and to allow treatment costs to be projected.
System Layout and Equipment Description:
The equipment used in the evaluation is installed in a temporary fashion using flexible connections whenever possible. Figure 1 (see Appendix A) depicts the general arrangement in a block diagram format. The wastewater destined for DAF treatment is taken from one of the 30-acre ponds used to store excess beet wash water, centrate from the Broadbent® horizontal bowl decanters (used to remove mud from the wash water) and a collection of various wastewaters that enter through the main factory drain.
A small DAF feed tank is installed to provide a convenient means of splitting the flow between the two DAF units. Located between the DAF feed tank and the DAF feed pumps, Keckley® basket strainers containing screens with 1/8-inch openings are used to prevent foreign materials from entering the DAF units.
The flow of wastewater to and from the DAF unit is controlled with an AllenBradley™ programmable logic controller (PLC) and Vertiflo centrifugal pumps with the process variable feedback coming from a Foxboro® flow meter.
The dissolved air flotation (DAF) equipment selected for the evaluation was designed and constructed by Krofta Engineering (see Figure 2 ). According to Krofta 1 , the Multifloat rectangular unit, model MFH-750 has a capacity of 750 gallons per minute (gpm) at a total suspended solids (TSS) concentration of 2,000 ppm. The design includes the use of parallel plates (lamellas) to enhance separation and flotation of the solids.
Chemical conditioning of the solids to improve the separation is accomplished by adding a coagulant and a polymer. The liquid coagulant, Ecolab WCS 7888 is fed into the wastewater stream just ahead of the DAF feed pumps using an Alldos 48 l/hr diaphragm chemical dosing pump. The polymer, Midland PC S3000 is received dry and is prepared into a working solution using an Excell polymer feeder and eductor. Alldos diaphragm dosing pumps are also used to deliver the polymer into the DAF unit. Chemical feed pumps are proportionally controlled based on flow into the DAF unit.
Air is supplied to the air dissolving tube (ADT) of the DAF unit at a working pressure of approximately 90 pounds per square inch (psi) using an Ingersol Rand compressor, rated at 35 cubic feet per minute at 40 psi. Recycled clarified water is pumped through the ADT and into the base of the DAF unit. When the air saturated recycle enters the DAF unit and the pressure is released microscopic air bubbles are released and attach to the solids floating the solids to the top of 1 Krofta ™ website, February 2011; www.kroftaengineering.com. the DAF unit. Research has shown that bubbles in the 30-70 m range provide the best flotation 2 . The separated solids, known as the float, that rise to the surface of the DAF unit are removed with a rake system (see Figure 2 ) and are initially pumped to a small collection tank using an Ingersoll Rand 2-inch diaphragm pump (see Figure 3) . The float is transferred to the wastewater treatment facilities biomass storage tank using a 3-inch Sandpiper diaphragm pump. The DAF float is then land applied along with the aerobic biomass at an agronomic rate, based on the nitrogen content. The clarified wastewater is pumped from the DAF units to an equalization tank prior being fed to the anaerobic and aerobic portions of the wastewater treatment system.
Discussion:
The wet conditions that occurred during the 2009 harvest resulted in mud handling problems throughout the washhouse and wastewater treatment system. The total suspended solids (TSS) from the storage ponds were at levels that did impact the effectiveness of the Biothane up-flow anaerobic sludge blanket (UASB) reactor that is depended upon as the primary treatment process for the removal of the organic loading in the wastewater. The Biothane operating manual recommends that the TSS in the influent be no more than 20% of the total chemical oxygen demand (COD) being treated.
In subsequent documents Biothane has recommended that SMBSC limit the TSS loading to 10% of the total COD, in an attempt to facilitate the accumulation of biomass. Wastewater pumped from the ponds has had levels of TSS as high as 35% of the total COD.
The full-scale trial and evaluation of a dissolved air flotation (DAF) system as a possible pre-treatment process that could be used to help control TSS to the wastewater treatment plant was an interesting and unique opportunity. SMBSC collaborated with Ecolab to select the Krofta DAF equipment as well as the Ecolab and Midland Research solids conditioning chemistries.
The evaluation began in January 2011 and is planned to continue through the end of the 2010-2011 beet slicing campaign. During the first month, flow rates through the DAF equipment varied from a high of about 450 gallons per minute (gpm) per DAF unit to a low of about 180 gpm per DAF unit. TSS concentration in the influent during the same time frame varied from 500 mg/l to 4,000 mg/l. Tables 1 and 2 (see Appendix B) contain the daily data and Figure 4 (see Appendix C) compares the TSS concentrations in and out of the DAF units with the flow through the system.
Of the 330,000 pounds (lbs) of TSS entering the DAF treatment system with the 31 million gallons of wastewater fed to the wastewater treatment system, over 199,000 lbs of TSS were removed by the DAF process prior to entering the wastewater treatment facility. The average TSS concentration in the influent was 1,285 mg/l and was reduced to an average concentration in the effluent of 510 mg/l. Both Krofta and Ecolab have communicated on several different occasions that removal efficiencies of 80 to 90% should be attainable. This has not been the case in practice. Removal efficiency of the entire DAF system averaged just over 60%.
Initial jar testing of various solids conditioning chemistries led to the selection of an anionic polymer from Midland Research, PCS 3000 and an anionic coagulant from Ecolab, WCS 7888. The average dosage rate on untreated wastewater for PCS 3000 was 0.6 ppm and 126 ppm for the WCS 7888. The cost of the chemical conditioning averaged about $1,200 per million gallons treated.
The up time of the equipment has generally been very good. There have been several interruptions due to motors tripping electrically. Both DAF feed pumps have tripped 3 times, the north DAF compressor motor has tripped once and the north clear water recycle pump has tripped once. The motors have been restarted successfully each time without significant disruption to the treatment process.
The controller for the original gear pump included in the Excell dry polymer station failed and down time was kept to a minimum by using Alldos diaphragm chemical dosing pumps to deliver the polymer working solution to the DAF units.
The most significant downtime occurred when the level sensor and transmitter on the north DAF unit failed on February 3 rd and it took approximately 5 days to obtain a replacement. Fortunately this occurred during a time when the total flow rate of approximately 500 gpm could be treated successfully with the south DAF unit.
Conclusion:
Dissolved air flotation (DAF) can be used successfully to significantly reduce the total suspended solids concentration in the wastewater generated from the processing of sugarbeets.
DAF applications in other industries have achieved clarification rates as high as 97% 3 . SMBSC's experience would indicate a clarification rate of just over 60% was achieved with the chosen chemistries and equipment.
During the 2010-2011 operating season, approximately 225 million gallons will be treated through the anaerobic reactor. With the chemical cost at approximately $1,200 per million gallons, the total chemical cost for a campaign could be on the order of $270,000.
The total pounds of chemical oxygen demand (COD) treated will top 9,250,000 through the anaerobic reactor for the 2010-2011 campaign, which compares very favorably to the 4,600,000 pounds of COD and 91 million gallons treated in 2009-2010. The decision on how to proceed in future years will depend to a great extent on the quantity and condition of the solids in the anaerobic reactor, when it is opened for cleaning in May of 2011.
Future Work:
During the remainder of the 2011 evaluation of DAF, much of the focus will be on optimizing the treatment by maximizing the efficiency and minimizing the costs of treatment, as well as trying to reduce the variability in the treatment process.
Additional jar testing has shown that with adequate mixing at the coagulant addition point and slightly longer retention times prior to polymer addition, the separation of solids can be improved. This requires evaluation on the field equipment to determine if the removal efficiency can be improved or the chemical dosage rates reduced or perhaps both.
Particle size analysis indicates that the TSS left in the clarified water is smaller than 2 m. Additional work will be required to see if adjustments can be made to capture a larger percentage of the solids. APPENDIX A 
